This paper focuses on the influence of frozen soil on seismic response of a building supported by pile foundation. Firstly, the saturated sand soil was frozen artificially, and then shaking table tests were conducted. Secondly, seismic responses of building with a different natural frequency or with a different freezing depth in the saturated soil were investigated respectively, and then, bending moments acting on pile in saturated soil and frozen soil were also analyzed. Furthermore, three dimensional finite element analyses were also conducted to investigate the effects of frozen soil on seismic response of a building supported by pile foundation.
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Introduction
When soil is frozen, the stiffness will change significantly, affecting the seismic response of ground and buildings. According to the earthquake damage investigation in the extremely cold regions of China, it has been confirmed that frozen soil can affect the seismic response of buildings. In this study, shaking table tests of two building models supported by pile foundation in the artificial frozen soil were conducted, and 3D-nonlinear finite element analyses were also conducted to obtain further understandings of the test results and evaluate the response characteristics of frozen soil and buildings supported by pile foundation during earthquake.
Shaking table tests
The size of soil container used in the shaking table tests was 400×600×480mm. The soil model was consisted of saturated silica sand with a relative density of about 80% and water content of 24.4%. The soil model was prepared by air pluviation method and was frozen artificially. Two superstructures supported by four acrylic piles were tested, one of which was a four-story frame and the other was a two-story one. The natural frequency of the superstructure was 9 Hz for the four-story model and 19 Hz for the other one.
Simulation analyses
3D-FEM analyses were conducted for the two-story model. Two kinds of input motion levels, 0.1 times and 1 times Kokuji waves, were examined. In the modeling of soil, the physical properties of frozen soil and reduction of ground stiffness due to the decrease of the effective stress were used. The analysis results, although a little difference was observed in the amplitude of frozen ground and pile-structure response, correspond to the response characteristics of structure when the ground was frozen. It was confirmed that the analysis method which consider the physical properties of frozen soil and the equivalent shear rigidity of soil due to the rising of excess pore water pressure was useful.
Conclusions
The major findings are summarized as the following: 1) to 4) from the shaking table tests, and 5) from the analyses. 1) In the case of saturated soil, the rising of excess pore water pressure was confirmed. For the 18 cm frozen soil, the rising of pore water pressure at the depth of frozen soil layer was reduced, but that of the unfrozen soil at deeper depth rose conversely.
2) In the case of dense saturated soil, the freezing of surface soil reduced the maximum acceleration at ground surface as the increasing of freezing depth, but influence to the characteristics of soil response was limited.
3) For buildings with high rigidity, the influence of soil-structure interaction effect became less obviously when the soil was frozen. Moreover, in the case that the resonant frequency of the frozen soil was closer to the natural frequency of superstructure, response of building became large. 4) When the soil is frozen, the bending moment along pile reduced remarkably by improving the soil rigidity. 5) Due to the freezing of ground, the acceleration at ground surface became smaller. However, the response of superstructure became larger because of the decreasing of interaction effect. The significant reduction of stress along pile in the frozen soil was also confirmed by 3D FEM simulation. 
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